This study was conducted to develop a low cost method to preserve papaya (Carica papaya L.) pulp at ambient temperature with a combination of treatments including acid, heat, and cinnamon oil. Papaya pulp processed without and with 200 ppm cinnamon essential oil at pH 5.1, 81 °C, 7 min (ST2 and ST3); pH 3.9, 69 °C, 13 min (ST4 and ST5); and pH 4.5, 75 °C, 15 min (ST6 and ST7) was stored for 8 weeks at ambient temperature (28±2 ºC). The cinnamaldehyde content of the papaya pulp treated with cinnamon oil decreased significantly during storage. ST5 and ST7 retained significantly higher β-carotene contents and lightness values compared to ST4 and ST6 during storage. The results indicated that acidification of papaya pulp to pH 4.5 and pasteurization at 75 °C for 15 min with 200 ppm cinnamon oil can be applied to obtain safe and high quality product, which is stable for 8 weeks at ambient temperature.
Consumption of papaya (Carica papaya L.) as a fruit is beneficial, since it is rich in vitamins and minerals. Papaya pulp is used as a raw material for processing various fruit products and it is exported from tropical countries to the European community and the United States. Currently papaya pulp is preserved by sterilization or pasteurization with chemical preservatives followed by refrigeration or freezing. Beside destruction of heat labile nutrients such as vitamin C, sterilization also significantly alters the organoleptic properties of papaya. With increase in "green consumerism", consumers are demanding foods that are preserved with natural compounds to ensure safety against food-borne pathogens. Novel methods, such as high hydrostatic pressure and ohmic heating, were found successful in ensuring the food safety and quality, however, the cost of production is relatively high (TAjkArimi et al., 2010) . Therefore, the need of hour is to develop an appropriate low cost method, which can ensure a high quality and safe produce after long term storage.
Cinnamon is a spice which has been used in culinary practices and pharmaceutical industry for a long time. It is recognized as GRAS substance by the US FDA. Major flavour compounds of cinnamon, cinnamaldehyde and eugenol, exert strong antimicrobial properties against foodborne pathogens in various in-vitro studies (TAjkArimi et al., 2010) . Although a few studies have reported its efficacy in food system alone (Guynot et al., 2005) or in combination with heating (AmALArAdjou et al., 2010) , to our knowledge no study was conducted to measure the antimicrobial effect of cinnamon and its oil in low acidic foods. Therefore, the aim of this study was to evaluate the effect of cinnamon essential oil in combination with acidification and pasteurization on microbiological, physicochemical, and organoleptic properties of papaya pulp during 8-week storage at 28±2 ºC.
Materials and methods

Materials
Commercially available ripe papayas were purchased from fruit and vegetable market, Mysore, India. Cinnamon essential oil and polypropylene bags were purchased from local vendors, HPLC solvents from Rankem Ltd. (Delhi, India) and Spectrochem (Mumbai, India), analytical chemicals from Qualigens (Mumbai, India), and microbiological media and sterilized Petri plates were from HiMedia (Mumbai, India).
Preparation of samples
Whole papaya fruits were washed and surface disinfected with sodium hypochlorite solution (2%, v/v). The fruits were subjected to steam treatment for three min and cooled to ambient temperature in 200 ppm chlorine solution. Papaya fruits were cut open; pulp was scooped out and crushed finely in a mixer grinder. The pH of the papaya pulp samples was adjusted using anhydrous citric acid.
Preliminary study
For optimization of papaya pulp processing, a total of 15 treatment combinations were selected through central composite randomized design (CCRD) using pH, temperature, and time in the range of 3.5 to 5.5, 65 to 85 °C, and 5 to 15 min, respectively (Table 1) . Pectinesterase (PE) activity, benzylisothiocyanate (BITC) content and total plate counts (TPC) were evaluated as the responses of the above treatments for optimizing process parameters. For determination of optimum concentration of cinnamon oil in papaya pulp, cinnamon essential oil was added at 50, 100, 200, 300, 500, and 5000 ppm concentrations by mixing into the pulp using a blender. Papaya pulp was processed, along with the control (without any treatment) with selected treatment combinations. The samples were stored under ambient temperature for one week, and odour and TPC were evaluated. Concentration of cinnamon oil resulting in the minimum perceived odour of cinnamon and the maximum log reduction was selected for storage study.
Storage study
After the preparation of samples (section 1.2) cinnamon essential oil (200 ppm) was added, 50 g pulp for the selected treatments (Table 1) was packed in polypropylene bags (decontaminated by exposing to ultraviolet rays) and stored at ambient temperature (28±2 °C) away from direct sunlight. Chemical parameters and microbiological quality of stored papaya pulp were evaluated at two weeks intervals. The sensory quality of stored papaya pulp was evaluated at the end of storage. 
Pectinesterase (PE) activity
Ten g of papaya pulp was mixed with 100 ml of 1% pectin-salt solution and its pH was adjusted to 7.2. The mixture was kept under constant stirring using magnetic stirrer and when pH dropped to 7.0 the time was noted. The pH was maintained at 7.0±0.1 by adding 0.02 N NaOH from the burette and the timer was stopped when pH became stable at 7.0 (RAngAnnA, 1997). PE activity was calculated using the formula:
millilitres NaOH × normality NaOH × 1000 PE activity (unit × 1000 per g pulp) = time × weight of pulp Residual PE activity was calculated using the formula: PE activity of sample × 100 Residual PE activity = PE activity of control
Benzylisothiocyanate (BITC) content
The BITC content of papaya pulp was determined as described by NAkAmurA and co-workers (2007), using HPLC (Agilent 1100/1200) with a variable wavelength UV detector and quaternary pump. The column used was ODS-3V, 5µm size, 4.6 mm id, 250 mm length (Intersil, Japan) and the injection volume was 20 µl. Isocratic elution (40% acetonitrile in water containing 0.1% trifluoroacetic acid) was done at a rate of 1 ml min -1 and absorbance was monitored at 254 nm. Concentration of BITC of pulp was calculated from the standard curve.
Cinnamaldehyde content
The cinnamaldehyde content of the treated samples was evaluated according to the method of GurSALe and co-workers (2010). HPLC (section 1.6) with mobile phase of methanol, acetonitrile, and water in the ratio 35:20:45 was used. Cinnamaldehyde was detected at 221 nm using UV detector. The cinnamaldehyde content in the pulp was calculated from the standard curve.
β-carotene content
The β-carotene content was determined essentially by the method described by NAmithA and co-workers (2011) using HPLC (section 1.6 except column used was ODS-P) and absorbance was monitored at 450 nm. The mobile phase contained methanol and tetrahydrofuran mixed in 95:5 (v:v) ratio. The β-carotene content in the pulp was calculated from the standard curve.
Colour measurement
L, a, and b parameters of colour of the stored papaya pulp samples were measured using HunterLab Labscan XE colour measuring system (Hunter Associates Laboratory Inc, Reston, Virginia, USA) as described by NAmithA and co-workers (2011). Hue angle, a measure of true red (true red, 0° to true yellow, 90°) was calculated according to the standard equation as follows:
Microbiological analysis
A total of 25 g pulp was aseptically weighted and mixed in 225 ml of sterilized saline solution (0.85% NaCl) and if required serial dilutions were made using the same diluent. Papaya pulp samples were evaluated for TPC, yeasts and mould count (YMC), and presence/absence of Salmonella spp., Staphylococcus aureus, and Escherichia coli (VAnderzAnt & SPLittStoeSSer, 1992) .
Organoleptic properties
Sensory evaluation of papaya pulp was conducted for acceptability of odour and appearance immediately after processing and after eight weeks of storage under ambient conditions. The three digit coded samples were presented to the panellist in a well-ventilated and adequately lighted room. All panellists (age group 21-24 years) were well versed with the odour of fresh papaya. The panellists were asked to evaluate the odour of the samples on a hedonic scale from 1 : dislike extremely to 9: like extremely (MeiLgAArd et al., 1991) , and the appearance of pulps was scored based on its retention of homogeneity in the hedonic scale of 1-9, with 1 being very much dissimilar to the freshly pulped papaya and 9 very much similar. (Table 1) , and control were studied to determine optimum processing conditions. All treated samples showed significantly lower PE activity compared to control (P<0.05). PE activity was higher in the sample of pH 3.9 as compared to the sample of pH 5.1, processed at similar temperature and time indicating the role of pH as suggested by RAngAnnA (1997) , wherein the inactivation of PE with pasteurization at low pH took more time. Pasteurization time and temperature also had significant effect on PE activity as pasteurization at 65 °C for 10 min resulted in significantly higher PE activity (0.984 units ×10 3 g -1 pulp) compared to samples pasteurized at 75 °C (0.028 units ×10 3 g -1 pulp) and 85 °C (0.008 units ×10 3 g -1 pulp) for 10 min. Pasteurization above 75 °C significantly reduced PE activity irrespective of pH, and pasteurization for 15 min at the temperatures used in the present study (65-85 °C) completely inactivated the enzyme. Increasing pasteurization temperature and time result in significant decrease in PE activity, and complete thermal inactivation of purified papaya PE occurs at 70 °C when heated for 5 min at pH 4.0 (FAyyAz et al., 1995) .
Reduction in total plate count.
Papaya naturally has a higher pH and it is subjected to spoilage by microorganisms. The control samples had the highest TPC, indicating a high level of contamination with natural microflora present in the peel and cross contamination occurring while handling. Survival of spoilage organisms was lower in acidic pH, as the counts were higher (though non-significant) at pH 5.1 compared to the sample of pH 3.9 pasteurized for 7 min at 69 °C. At similar pH values, pasteurization at a higher temperature and for longer time resulted in higher log reduction. The influence of heat on the destruction of pathogens in acidified vegetables has also been observed earlier (Breidt et al., 2004) .
BITC content.
BITC is an important compound responsible for the bitterness of papaya. Higher BITC contents were observed in samples of pH 5.1, which is close to the natural pH value of papaya. BITC contents tend to reduce towards acidic pH values, however, ChAng and co-workers (1973) observed that BITC content was higher in commercial papaya puree adjusted to acidic pH as compared to fresh fruit.
Based on these results, treatments, pH 5.1, 81 °C, 7 min (T4); pH 3.9, 69 °C, 13 min (T5); and pH 4.5, 75 °C, 15 min (T14), were selected for the optimization of cinnamon oil concentration considering low PE activity, BITC content, and TPC.
Cinnamaldehyde content.
Significant differences were observed in the initial TPC among various concentrations of cinnamaldehyde used for the preservation of papaya pulp. Samples treated with 5000 ppm cinnamon oil showed strong antimicrobial effects as it prevented spoilage without the need of any other hurdles. Counts were lower in acidified, pasteurized, and cinnamon oil treated samples compared to untreated samples. After seven days, TPC also increased significantly (P<0.05) in control and in samples where cinnamon oil was not added, and significant differences were observed among treated and untreated samples. The three hurdles were effective in controlling spoilage of papaya pulp similar to as reported for mango pulp (MorAeS et al., 2011).
Sensory evaluation.
Control samples (without cinnamon oil) gave the characteristic papaya smell in sensory evaluation. The strength of cinnamon smell increased with the concentration of cinnamon oil applied and papaya smell was not detected in samples supplemented with 300 ppm or more cinnamon oil. The panellists commented that 300 ppm or higher cinnamon oil application was not acceptable, since it significantly affects the aroma of the product; however, 200 ppm level was acceptable. Treatment with 200 ppm cinnamon oil retained a slight cinnamon smell after seven days of storage under ambient conditions, which was able to control microbial growth, and therefore it was selected for storage study.
Changes in quality of papaya pulp during storage
2.2.1. Cinnamaldehyde. Changes in cinnamaldehyde contents of treated samples during 8 weeks of storage are reported in Table 2 . Cinnamaldehyde content reduced significantly (P<0.05) during storage, and was negligible in all the samples after 8 weeks of storage. Antimicrobial action of cinnamon essential oil has been ascribed to the compound transcinnamaldehyde, which reacts with proteins and nucleic acids and inhibits the growth of the microorganisms (GuPtA et al., 2008) . Probably, the decrease in the content of cinnamaldehyde during storage in present study indicates its utilization for the antimicrobial effect. 
β-carotene.
The β-carotene contents of seven samples were significantly different (P<0.05) immediately after processing (Table 2 ). Pasteurized samples with cinnamon oil acidified to pH 3.9 (ST5) and pH 4.5 (ST7) had significantly higher (P<0.05) β-carotene contents than their counterparts without cinnamon oil (ST4 and ST6). The higher β-carotene contents in cinnamon treated samples can be attributed to the cimmanon's ability to inhibit bleaching of β-carotene by retarding or inhibiting hydroperoxide formation, which attacks the chromophore of β-carotene. It has been reported that hydroperoxides are neutralized by the cinnamon in a concentration dependant manner (BAroty et al., 2010) . The low β-carotene content of unpasteurized samples observed in the present study may probably be due to oxidation, as oxidation is the major cause of carotenoid destruction during storage and processing (NAmithA & Negi, 2010) .
Colour.
Variation of hue angles and lightness of seven papaya pulp samples stored under ambient conditions showed that the "a" and "b" values of all samples increased up to 4 weeks of storage and reduced thereafter. The "a" values measured after eight weeks storage are significantly lower (P<0.05) than the initial "a" values. Lightness of all samples reduced significantly (P<0.05) after four weeks of storage, until the reduction was non-significant. Pasteurized samples with cinnamon oil (ST3) had significantly higher (P<0.05) "a" value (15.04) and lower lightness value (25.99) compared to pasteurized samples without cinnamon oil (ST2) at the end of storage study (13.62 and 27.19, respectively) . Unpasteurized sample without cinnamon oil (ST1) had a lower "a" value (13.5) compared to samples that were pasteurized and with added cinnamon oil (ST3: 15.04; ST5: 14.64; and ST7: 14.61) . Samples with cinnamon oil had higher lightness values compared to samples without cinnamon oil, indicating that incorporation of cinnamon oil has a protective effect on the colour of pasteurized papaya pulp, though it could not inhibit browning in unpasteurized samples.
Microbiological parameters. TPC and YMC of papaya samples (seven treatments)
were enumerated over 8 weeks of storage. Samples preserved with 200 ppm cinnamon oil only (ST1) showed high TPC and YMC after 6 weeks of storage (more than 5 log CFU g -1 ). Control samples, which were not preserved by any of the three measures, showed 3.899 log CFU g -1 TPC and 3.45 log CFU g -1 YMC soon after packaging, and showed visible microbial growth after 3 days of storage under ambient conditions. Pasteurized pulp (81 °C for 7 min) having pH 5.1 (ST2) showed 2.82 log CFU g -1 TPC and 2.80 log CFU g -1 YMC initially, and counts increased to more than 5 log CFU g -1 after two weeks of storage and continued to increase thereafter. However, similar samples with cinnamon oil (ST3) maintained good quality in terms of TPC and YMC (less than 2 log CFU g -1 ) throughout the storage, probably due to the synergistic effect of pasteurization and antimicrobial effect of cinnamon oil. Pasteurized pulps of low pH values (4.5 and lower) with or without cinnamon (ST4, ST5, ST6, ST7) showed statistically similar TPC and YMC (less than 2 log CFU g -1 ) throughout the storage. In the present study Staphylococcus aureus, Salmonella spp., and E. coli were not detected in any of the samples tested, initially or during storage, probably due to the hurdle effect of pasteurization, acidification, and cinnamon oil. However, survival of several pathogenic bacteria has also been reported in papaya; such as Escherichia coli O157:H7 in papaya juice held at 4 °C and 20 °C (MutAku et al., 2005) and Salmonella enteritidis in papaya pulp held at 10 °C, 20 °C, and 30 °C (PenteAdo & LeitAo, 2004) .
Sensory scores.
Mean scores obtained in sensory evaluation (odour) of seven papaya pulp samples immediately after processing and at the end of storage are shown in Figure 1 . Although control sample (untreated pulp) was scored highest by all the panellists at day 0, it spoiled after 3 days of storage. Initially, samples with cinnamon oil (ST3, ST5, and ST7) received lower mean scores compared to similar samples without cinnamon oil (ST2, ST4, and ST6) as the odour of 200 ppm cinnamon essential oil was noted immediately after processing. However, cinnamon added samples received higher scores than samples without cinnamon oil after 8 weeks of storage under ambient conditions. At the end of 8 weeks of storage, the cinnamon content of cinnamon added samples was almost negligible and panellist did not notice its odour. Although appearances of all the treated samples were not different from each other soon after processing, samples with higher pH (ST1, ST2, and ST3) had lower scores as compared to low pH samples (ST4, ST5, ST6, and ST7) after 8 weeks of storage. Unpasteurized sample (ST1) showed separation of liquid and solid layers and gelated portions, whereas samples at pH 5.1 (ST2 and ST3) had clotted appearance, which might have contributed for their lower appearance scores. 
Conclusions
The results of this study showed that acidification of papaya pulp to pH value of 4.5, pasteurization at 75 °C for 15 min, and addition of 200 ppm cinnamon essential oil can be combined successfully to maintain microbiological quality and colour of papaya pulp. Cinnamon essential oil is a strong antimicrobial agent with typical cinnamon odour, and therefore its use at a lower concentration with mild heat and acidification was helpful in reducing the adverse effect of unpleasant odour, but at the same time preserved the papaya pulp in a cost effective manner. More studies are needed for comparing the quality of papaya pulp preserved with cinnamon essential oil and with other preservative combinations to further increase the shelf life of papaya pulp stored at ambient temperature. * BinduhevA U. thanks CSIR for the award of Joint CSIR/ CFTRI-NAM S&T Fellowship.
